Quantitative analysis of protein phosphorylation in mouse brain by hypothesis-driven multistage mass spectrometry.
Determination of site-specific changes in the levels of protein phosphorylation in mammals presents a formidable analytical challenge. Here, we demonstrate a strategy for such analyses utilizing a combination of stable isotope chemical labeling and tandem mass spectrometry. Phosphoproteins of interest are isolated from two sets of animals that have undergone differential drug treatments, separated by SDS-PAGE, excised, and subjected to in-gel enzymatic digestion. Using a simple chemical labeling step, we introduce stable, isotopically distinct mass tags into each of the two sets of peptides that originate from the samples under comparison, mix the samples, and subject the resulting mixture to a procedure based on our previously reported hypothesis-driven multistage MS (HMS-MS) method (Chang, E. J.; Archambault, V.; McLachlin, D. T.; Krutchinsky, A. N.; Chait, B. T. Anal. Chem. 2004, 76, 4472-4483). The method takes advantage of the dominant loss of H3PO4 during MS/MS from singly charged phosphopeptide ions produced by matrix-assisted laser desorption/ionization (MALDI) in the ion trap mass spectrometer. In the present work, quantitation is achieved by isolating the range of m/z values that include both isotopic forms of the putative phosphopeptide and measuring the relative intensities of the two resulting -98-Da fragment ion peaks. This MS/MS measurement can be repeated on the same MALDI sample for all potential phosphopeptide ion pairs that we hypothesize might be produced from the protein under study. Use of MS/MS for quantitation greatly increases the sensitivity of the method and allows us to measure relatively low levels of phosphorylation, phosphopeptides, or both that are not easily observable by single-stage MS. We apply the current method to the determination of changes in the levels of phosphorylation in DARPP-32 from the mouse striatum upon treatment of animals with psychostimulant drugs.